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(54) Title of the Invention: Method and Device for Manufacturing Semiconductor Devices 
(3/) Abstract 

EulK?fL T a c Pr0Wd ! a K semiCOnduCt( * ™™fccturing device that has a mechanism that controls polishing in response to the 
results of measurements by automatically measuring the reflectivity or film thickness of the film h£Z ™r wJ, u°, I 
polished. To provide a method of manufacturing semiconductor S^S^Z ^^Z^t^Z " bC,n8 

2S3SS he desired fllm by measunng the reflect,vity or the film ^^^SSwSo. . is 



[See source for diagrams.] 



Scope of Patent Claims 

[Claim ]]A method of manufacturing semiconductor with the following characteristics. In methods of manufactures 
serruconductor devices that polish wafers with film that is to be polished using a polishing cloth, the aforementioned polishing 
cloth contams at least one optical window and through that window while polishing is underway the reflect" y of thSlm 
surface being polished or the film thickness of the film being polished is measured from the ba/k side of he Semen iTd 
polishing cloth using optical means. «wicuBnironea 

[Claim 2]The method of manufacturing semiconductor devices described in Claim 1 with the following characteristics The film 
[Claim 3]The method of manufacturing semiconductor devices described in Claim 1 with the following characteristics U<ino an 

*vk* ft. polling do* h- „ , r « ^ Behind ft., 4S,KS«3iS£r 

[Detailed Explanation of the Invention] 
[0001] 

[Technical Fields of the Invention] 
[Prior Art] 

SmelhT,^ J hich *e film thickness measurements are made a, the 

computed .to ^ f^„ d *'^7 the «ta « 

reduces the economic efficiency ^ ^ P ° S ' ,,0nS fr ° m ab ° Ve ^ be,ow the wafers . w hi<* 



[0006] 

[Problems the Invention is to Solve] 

As above, with polishing methods that employ conventional CMP devices, differences emerge between the polishing times 
of the areas that are polished and the areas where film thicknesses are measured. This makes it impossible to obtain accurate film 
thickness measurements and makes it difficult to stop polishing when the desired film thickness has been reached 
[0007] The main purpose of the present invention is to provide a method for manufacturing semiconductor devices that can 
stop pohshing based on the des.red film thickness or reflectivity using the direct measurement of the reflectivitv or film thickness 
of the films being polished as they are being polished and in the areas being polished. 

,' n, r S u COnd PUrp ° Se of the P resent inven,ion is » Provide a semiconductor manufacturing device that has a mechanism 
to contro polishing in response to the results of measurements that are taken automatically inside the polishmg areas using the 
reflectivity or film thickness of the films being polished as they are being polished 
[0009] ^ 

ESS XJSS H r ° b . lemS] r ^ Order , t0 aChi 7 e the g ° alS ° f S °' ving the P roblems described ab ° v e> the manufacturing 
method and the semiconductor manufacturing device of the present invention are configured as follows below The 

sem.conductor dev.ee and manufacturing method based on the present invention use an optical means for measuring the 

reflectivity of the film being pol.shed or the film thickness of the film being polished from behind the polishing clofh described 

above through at least one optical wmdow ,n the poJ.shing cloth described above at the same time as the polishing d being 

undertaken. Pohshmg of the films is then stopped based on the reflectivity or the desired film thickness. Additional the 

senuconductor manufactunng dev.ee of the present invention has a measuring module that measures optically from behind the 

pohshmg cloth and through an open.ng in the polishing cloth, the reflectivity or the film thickness of the film being poSed 

SSr t T^y? also h f a rr*? that comro,s the p**** based ° n ** ^ 

[0010] As above the polishing method based on the present invention measures the reflectivity or film thickness of the film 
' K mS,d , e b t g P ° lished while P° lish >"8 is ^er way. For this reason, accuL m Bremen o t Sim 

hickness can be made and based on those results, the polishing can be controlled, so polishing can always be stopped at exaTtlv 
the reflect.vty or des.red film th.ckness. This will make it poss.ble to improve pol.shed film thickness contro. loZlrMy 

[Embodiments of the Invention] Below refer to drawings as we explain some embodiments of the present invention Figure 
(a) . a cross-seoon of a CMP dev.ee based on the present invention. The CMP device has a based disk 10 and pofiSgS 
1 1 that ,s affixed to the base disk 10, a wafer holder 13 that is attached above the base d.sk 10 and a slu,ry upply Ee 1 5 fhat 
supphes the slurry 4 tothe surface of the polish.ng cloth 1 1. The slurry 14 from the slurry supply tubeSps onto the Surface of 

Z\Z I trf ^ 1 '.i ^T*? 12 iS PreSSCd 3gainSt Cl0th 1 1 ^ the wafe/holde'n. 1 wS ?2e 

? mde P cnden,, y * e wafe ' '2 is polished by the polishing cloth and the slurry 14 
[0012] In the present mvention, an optical sensor window 1 6 has been formed in part of the polishing cloth 1 1 Note that this 
opt.ca sensor wmdow 16 must be sufficiently small enough to have no effect on theVHshing characteristics of the CMP 
bvthJli^ 6 ™ 6 ^,* 6 ° PtlCal SenS ° r 'I iS aff ' Xed ,0 ,he based disk 10 - ^ *e polished film of the wafer iTisiHuminated 

^^S^SST* md measures the reflec,ed ,ight By analyzing * refere - - of t 

Tnlnll^Zl^^V* C ?T S u* e rati ° baSCd °" * e Va,Ues ,hat were actual| y measur od using this optical 

™. J' S of methods for bu.ld.ng controls to change the polishing ratio are listed below. Firstly, in other words the 
control dev.ee 18 could control the rpm of the wafer holder 13 and the base disk 10. Secondly, the control device 18 cTuld 
mcrease or decrease the dilution ratio using purified water to control the concentration of the polishing^genHn the sS 14 

f m f° d W °f * ft* 6 M 1 8 t0 the P°™ of lhe wa ^ holdeH ^contro, Ae 

P £?Z „ Z 12 f T ? C P0hshing C,0th U lt would also be P° ssible to control using a combination of afl of Lse 
m^Sed S ' ^ ^ deVi " ' 8 C0Wr0,S "* rati ° based on the reflecti ^ Sim thicSiess 

EL m°u that " Fi f rC Ka) ' thC ° ptiCal SenSOr 1 7 is affixed and inte 8 rated int0 the base disk 10 and .t turns along with the 

2" "° 7 WeV iH k PK T\ mVent '°? " n0t ,imited 10 this " °P enin 8 could be f"™* >" the base disk 0 aXe 
optical sensor 1 7 could be installed separately into the base disk 10. 

[001 6] However the optical sensor window 1 6 in the polishing cloth 1 1 must be sufficiently small, that it has no effect on the 
the?^ 

r^ttttissi Stts e — - 1 1 * * - — £ -p- — 

K#- f Be '°K W r Wi " e u XP !- a , ,n thC P ° lishing meth0d usi "8 the CMP device °f the present invention offering specific examples 

hot* I ! > bC P °' 1Shed C0U ' d bC W ' A1 ' CU 0r 0ther metal fi ' m w 'th a high degree of 

shows the fom.at.on of embedded wiring using these metal films with the CMP device of the present Lent on To explain 
Figure 2(a) shows a cross section diagram of the semiconductor device immediately following^ bui Id-up of"he meS fiTm 30 

iJe, ffi^n TTI matenal th t l f0m,S C0Wacl h0les or ^ ooves for wiri "8 in 'he insulating film 2* bSwS layers ' 
This metal film 30 .s pol.shed removmg the metal film except where the embedded wiring will be as shown in FkuTe 2 fb) We 
are only considering leaving the embedded wiring in this case. 8 W ' 



[0018] First at the same time that polishing begins (time t = 0), the optical sensor 17 starts measuring the reflected light Each 
^^oit^^e KV ° MOn> ° P,iCal SenS ° r ' 7 ^ Und£r W2fer - DUn " S th3 « ^ » -asaref the ^ 
[0019] Figure 2 (c) shows the changes in the reflectivity of the surface with respect to the polishing time t. At this point when 
pohshmg sfcrted, the surface of the accumulated metal Him 30 was completely covered, so the reflecfivity R, is measS for 
metal film 30 As polishing progresses, as the metal film is removed except for the areas of embedded wiring, the reflectivity of 
2LT n T T e " % WhiCh T UpieS 3 Signif,Cant P ° rti0n 0f the wafer > ,s measured ^ the optical senso 1 ana a 
Sopped' 15 POim = 31 WhiCh COntr0 ' deViCC ' 8 reCC,VeS ,hiS d3ta * WhCr ' ,hC P °' ishin S W "' 

EL c Wi J thiS ? th ° d ' thC u Ptl u a ! sensor , a ! wa y s detects declines in the reflectivity of the metal film within the area being 
polished, so Ae exact times at which the metal film .s removed (except for the embedded wiring areas) can be detected 2 t ,, 
possible to obtain the desired embedded form with a high degree of control aetecteo, making it 

[0021] Note that in the embodiment above, the control device 18 stopped the polishing process when it detected a decline in 
refiectivuy » areas other than the embedded wiring as the metal film was polished, but in W second emboc Sent we wiH 
explain a method ,n wh.ch residual metal film is eliminated within the wafer area. In this method, the SSSy is con^tlv 
observed and when the metal film ,s polished outside of the embedded wiring areas and a decline in the refiSty ,s de teS 
pohshmg wiH not be stopped until after the polishing for a suitable amount of additional time T 0 . In this wa ^ even wheHhert'is 

ZSSSt ° VCr Wafer ,here bC "° reSidUa ' meta ' WhiCh W "' P-ent^on circu/ts 

[0022] As a third embodiment, we have assumed that the film to be polished is an insulating film between layers We will use 

F,w l°> C H P ^ flatten,ng of ;" sulatinS fi,m betwee * 'ayers by polishing with the CMPdevice 5STJSS intern on 
Figure 3(a) shows a cross section of the semiconductor device immediately after the film tWim.cc „r 1 . . , ,L 

S; iredT^th'T^ 39 ^ 6 " bu,,t up ,0 fi,mS;s ^S^£!^^TZ^ 

r002 31 F 1 " cknes * Xc "as been reached and the flattening ,s carried out as shown in Figure 3 (b) 

[0023] F gure 3 c) shows the film th.ckness x of the insulating film 40 between layers with respect to the polishing t,me t 

bme the base disk 1 0 makes one revolution, the optical sensor 1 7 passes underneath the wafer and while it does ^Sure^Ae 

£rC? n * -\? ' f nS K UlatmS , film 40 betWee " layCrS " ™ e COntro1 device 1 8 receiv " *is data and when the desTS va.u Xc 
for the film thickness of the msulating layer 40 between layers has been reached (t = Tc), polishing will S^^S^ 

El Jm den p aIly ' ing i0 VariCS dUC 10 0ther effects such 35 ,he state of *e surface of the polishing cloth The 

dotted line (0 m F.gure 3 (c) shows a large polishing ratio while the dotted line (s) in Figure 3 (c) shows aS£nJo 
In response to ^variations in the polishing ratio such as these, the times at which die desiS fib. tWclme ^ S reached v^' 
shown w,th Tf and Tradmg Status. Using the method of this embodiment, the residual film th.ta is a ^JSSlZS 
inside the area being polished, so the polishing can be stopped when the film thickness of nsuSngS X teJiThSf 
reaches the desired value Xc (t = Tf, or Ts). In other words, the desired film thickness Xc can a"w ys be 3£5bX5S 
or decreasing the polishing time in response to variations in the polishing ratio acnievea oy increasing 

EL f ,gUre 4 Sh0> ? * c « lm L thickness * of *e insulating film 40 between layers with respect to the polishing time t The 
solid line (a) corresponds ,o the shape in this embodiment while the solid line (b) corresponds to the shaped he th nT 
embod,ment described above. Below, our explanation will apply to the solid line (a). P d 

S w7!i S l m . U rl tane l ° USly WhCn f° liShing StartS (,ime 1 = °>' the °P tica ' ^nsor 17 starts measuring the reflected light Each 
^^^l^""- ° Pt,Cal ~ 17 " nder * - d — 8 ,he film SSx oSe 

E ] ri^wL that ^.f 31 ° f impr0V i" g throu gh P ut, we have increased the concentration of the polishmg agent in the 



[0031] 

[Effect of the Invention] 
toJa^^ 

thickness is being measured as was the case in LnlSS ~ vu 8 T ! be,n 8 P° lished «• ar «* where film 

reflectivity or the film thS^Z^^S^J^V^ CMP deviceS ™ s 15 because < h * 
the optica, window in the Sing do K£ ^E^/^S^^ B,e ^ fr0m behind the P° lishin S cl °* *™««h 
invention, which controls the polishing mTesL« to the 27' ' by US ' ng ,he P 01151 "" 8 method of ,he P re «nt ~ 
more precisely than was possible us nf »3ona TXh^J^Z^'n *\ P °? 1,le " ° b,ain ,he desired resul " even 
uses only one optical sensor, so ,t has better e7~ ^ ' *™ a the CMP *vice of the present invention 

««~™, a _ is onIy netdd on zr^xssA'Ssssssr op,ieai ■— • 

[Brief Explanation of Drawings] 

[Figure 1] is a diagram showing the structure of the CMP device of th P 

F.gure 2] is a diagram that explains the first embod.men, Son Se CM of T 
[F.gure 3] is a diagram that explains the third embod.men, b-ed on^h, pmp r 5f ' nVent, ° n 

Figure 4] is a diagram mat explains the fourthTmS^ PreSCnt ,nVen,ion - 

[F.gure 5] is a diagram showing a traditional CMP dVv.ce M? ° f the preSem ,nvention - 

[Description of the Numbers and Symbols] 



Figure 1 



Figure 2 



[see source for diagram] 



(b) 



[see source for diagram] 



(c) 

reflectivity r 



Figure 3 
[See source for diagrams] 
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Film Thickness X 
. Polishing Time t 


Film Thickness X 

Polishing Time t 
Figure 5 ~~ ' 
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Abstract of JP9036072 

PROBLEM TO BE SOLVED: To complete 
polishing with a desired film thickness or 
reflection factor by opening an optical window 
in a polishing cloth and measuring the film 
thickness of a film to be polished or the 
reflection factor of the surface to be polished 
from the reverse side of the polishing cloth 
through the window during polishing. 
SOLUTION: An optical sensor window 16 is 
formed at one portion of a polishing cloth 1 1 
and an optical sensor 17 is fixed to a bottom 
panel 10 below it. The optical sensor 17 
applies light to a film to be polished of a wafer 
12, receives and measures the reflection light, 
and analyzes it to detect the film thickness or 
the reflection factor of the film to be polished. 
A control device 18 changes a polishing rate 
according to an actually measured value 
obtained by the optical sensor 17. A control 
device 18 controls the speed of the bottom 
plate 10 and a wafer holder 1 3. Also, the 
control device 18 controls the concentration of 
a polishing agent in a slurry 14 by increasing 
or decreasing a dilution rate using, for 
example, pure water. 
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